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TECHNICAL REPORT NO. 2

Contract N-onr=40L4(03) Project NR 032 348

I, Introduction

The project was undcrtaken to exploit the apparent
promisec of half wave single shcet radomecs of diclcctric constant
of 5 or greatcr,

Simple considerations of thec theory of transmission of
electromugnetic radiation through such material indicate that
for satisfactory performance extremecly closc thickness tolcrancces
must be met, Thc main objcctive of the projcct has been to
work out the specialized cermmic techniques necessary to allow

strcamlinced radomes Go be manufactured to these rigid tolcrances,

ITI, Ccramic Fabrication

A, Opcrations to Froducc Radomes

There arc four major ccromic methods available for the
fabrication of these shapcs, These mcthods arc pressing, czirud-
ing, slip casting, ana jiggcring. Since slip casting showed
promisc of becing the most convenient and practical mcthod, it
was the onc uscd during this report period.

B, Ccramic Matoriels Available for thc Fabrication
of Radomcs

The ccramic material used in fabricating thcesc shapes
should have a diclcetric constant of 5§ to 7 and low loss

characteristiecs, Thrce matcrials were taken into considcration,
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They were (1) Steatite, (2) Zircon, and (3) Wollastonitc composi-
tions. Because it wus the most rcadily obtainablec, it was
decided to usc previteified gtcatite and this is thc material
still in use, Thoc usc of prcvitrificd matorial rather thon raw
materials prcatly simplifies the casting problcecm and minimized
drying and firing shrinkagcs,

C. Procedure Uscd in Ccramic Fabrication

1, Milling the Provitrificd Stcatite

A stccl jacketed, porcclain lincd ball mill, 22" long
and 27" in diamctor is uscd for this opcration, Flint pcbblcs
arc the grinding mcdium,

Thc mill is charged 1/3 full with pocbblcs and watcer is
addcd to the halfway mark, A charge of approximatcly 75 1lbs,
of thc prcvitrificd stecatite is placcd in the mill, It is found
that the prctcerrcd form of the stcatitc is tubular and similar
in appcarance to spaghctti, The usual stcatite plates and discs
arc to difficult to grind properly.

The batch is ground for 18 hours, Aftcr this 18 hour
grinding cyelc, the mill is opcned and thc wet milled slurry is
siphoncd off into cnamclcd trays, Thcsc trays arc thoen put into
an clcctrically hcatod and controllced drycr, Avcecrage drying time

at 150°F tcmperaturc is 4 days,
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2, Precpcration of Casting Slip
The following btatch formula has becen uscd throughout this

rcport pcriod:

Ball Millcd Stcatite 58,300 gms,

Casting Scrap 19,425 "

Bentonite 777 "

Superloid Gel (10 gms./200 cc HyO) 785

" "N" Brand Sodium Silicate 100 cc

(1 ce/10 cc Ha0)

Armonium Hydroxide (26=28%) 500 "
(1 cc/10 cc Hz0)

Sodium Hcxamctaphosphatc 2,6C0 "
(24455 gms/500 cc¢ HzO)

Distilled Wator 31,500 "

The batch is milled for 6 hours in the samc mill uscd for
grinding the previtrificd steatite,
After grinding, the batch is removed from the mill and
run thru a 4O mesh U, S, Laboratory scrccn,
The batch is then put in a 10 gallon prcssurce tank with
a vacuum pump attachced and de=aircd for 1/2 hour under a 28 to
29 inch vacuum, From this tenk it is run thru e Pranz No, L1
ferro filtor to remove any tramp iron that may have been introduccd

into the batceh,
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The batch is storcd in a continuously agitatcd 50 gallon
storagc tank for futurc usc,
3s Casting thc Shopes
Two ploce molds arc uscd for this purposc, A yokc-hoist
asscmbly is uscd to facilitatc handling of thc mold,
The following casting proccduroc 1is used:;
a, The slip is adjustcd to a spceific gravity
of.1.85 and a viscosity of 60 using thc
No. 3 spindlc at 12 r.pe.m. of thc Brookficld

Synero=lcctric Viscosimcter,

i

The mold is fillcd and allowed to cast for
1 hour =nd 20 minutocs,

ces Thc cxeccss slip is pourcd out of the mold
and thc mold is lcft in thc drain or
inverted position for 1 hour to 1 hour

15 minutcs.,

&

The mold is turncd upright and thc shape is
allowcd to dry in thc mold for a minimum of
L0 hours to a meximum of 70 hours,

8s The shape is removed from the mold and

allowcd te air dry far 6 to 7 days,

4. Firing of the Shapcs

2. Bisque Firing
Aftcr the shapc has dricd sufficicntly, it is placcd

in the kiln and fired to 1800°F in 6 hours end hcld at that
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tempcraturc for one additional hour, Aftcr cooling for 2!} hours
the shape 1s rcmoved from the kiln and sent tc the Machine Shop
fer accuratec machining,
b, Final Firing
Aftcer thc bisque shapc has been machined to the desircd
wall thickness, it is again firecd in the kiln, This timc it
is fired to 2200°F in 7 hours and hecld at that temperaturc for
onc additional hour,
Ce Docfccets
Thus far thc main dofect scoms to be warpage which is
not apparcent until aftcr the final firc, This consists of out
of roundncss at the basc and a movemecnt off contecr of the tip of
thc shape, A lower firing temperaturc of 2180°F scems to over=-
comc this to somc cxtent without any unduc affcect on the vitrifica-
tion of thc shapc,
8. Drying and Firing Shrinkage
(1) Drying and Bisquc Shrinkage
Sincc it is almost impossiblc to handlc the shapc and
accurately mcasurc it beforc the bisque firc, it has not beeon
possible to obtain very accuratc mcasurcments, All indications
point to an overall shrinkage from the mold to thc bisquce of

% approximatcly.,
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(2) Shrinkagc of Bisque to Final Fircd
Sincc it is possible to obtaln accurate mcasurcments in
this step, we have morc accuratc shrinkage data,
Following is thc shrinkage information obtaincd from

firing a number of machincd shapces,

Bisquec Final Pired % Shrinkage

Domec A

Height 36,881" 33.303" 047
Outside Dia, 9,160" 8.354" 9.7
Inside Dia, 8, 808" 8,029" 9,7
Wall Thickness 0.,176" 0.,161" 9.3
Domc B )
Hoight 37,150" 33,629" 104
Outside Dia, Q,296" 8,502" 9.3
Inside Dia, 8.,820" 8,07L" 9.1
Wall Thickness 0.,238" 0,216" 10,4
Dome C

Height 36,537" 32,235" 13,3
Outside Disa, 9,282" 8,264L" 12,2
Inside Dia, 8, 762" 7.833" 10,5
Wall Thickness 0,260" 0,216" 15,7
Domec D

Hoignt kLol 31,506" 13,4
Qutside Dia, 9,072 8,103" 12,0
Insidc Dia, 8.490" T.571" 12.1
wall Thickncss 0,.,291" 0.,261L" 11,5
Dome E

Height 35,838 31,795" 12,7
Outside Dia, g,020" 8,023" 124
Insidc Dia, 8.426" 7.498" 12,4
wall Thickncss 0,297" 0,262" 13,4
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Bisque Final Fircd % Shrinkage

Domec F .

Hoight 35,656" 31,8.8" 12,1
Outside Dia, 8.,023" 8.014" 11,3
Insidec Dia, 8,320" 7.,490" o 19 |
Wall Thickness 0.,301" 0.,262" 14,9
Domc G

Height 35,628" 31,898" 11,7
Outsidec Dia, 8,923" 8,019" 11,3
Insidc Dia, 8.,320" 7.486" 11,1
Wall Thickncss 0,302" n,266" 13,5

The § shrinkage is bascd on thc fircd sizc,

Duc to the warpage cncountcrcd in the final fircd shapces,
the insidc and outside diamcters arc the average of the maximum
and minimum mcasurcmcnts,

III, Machining Ccramic Shapes

A, Expcrimental Test Shapc No, 3

All thc work, during this rcport pcriod, was donc on
Experimental Test Shapc No, 3 (Fig. 1),

Sincc this shapc 1is rclativcly simplc in design, 1t
wos dececidcd to work on it first in order to deveclop our machining
techniques as rapidly as possiblec, It 1s cxpcetcd that in the
vory ncar futurc morc complicated ogive shapcs will be produccd,

Bs, Sctting Up for Cutside Muchining

A spccial Arbor (Fig, 2) was dcsigned to fit insidc the
bisquc ccramic shapces, The shapes were then placed on this arbor

and thcen fastencd to the face plate of the lathe with four
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fingers that gripped a 1" flange at thc basc of the shapc,
Thc shape was thcn centercd as accurately as possiblc by adjusting
these four fingcrs,

The ncxt stcp wes to turn down the first 3 or 4 inches
at thc point of thc shapc until this scction was poerfoctly
symmctrical. Tho point was then placed in a frcc centcr axd
the shapc was rcady for ccomplete outside turning as indicated
in Fig. 3.

C. Outside Machining

The necessary gulidc tcmplatec was made to guide the tool,
This follow plate was uscd for both outside and inside machining,

The first machining was done without lubricant and using
Carboloy bits of Kcnna Mctal No, KH, In thlis mamer, it was
possiblc to takc cuts of 0,020" to 0,040" in diamcter, This
nccessitatcd taking 12 to 15 cuts on cach outside diamctcr and
it rcquired 53 minutcs'to complcte cach cuty Tool wcar was also
cxccssive (0,003" to 0,004" per cut),

It was noxt dcecided to try to spced up this machining
by thc usc of diamond tool bits. Impcrfcet whitc diamonds werce

purchasca fcor this purposc and the noxt attempts were made using

Thore werc no apparent advantages in the usc of these
diamonds, Thc diamonds showed quitc a bit of wear and were
guitc brittlc and chippced on the first pass when the shapce was

\.1\&-&

not symmectrical and uncven pressurcs werc excrtcd on the diamond
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tip. Sincc we have no facilities for sharpcening diamonds, this
causcd unduc dclay,

Duc to the fact that they werc morc convenicnt to work
with, it was dcecided torcturn to Carboloy cutting tips, This
was donc and thru testing, it was found that Carboloy No, 78B
was thc best for our purposc, This tip is still in usc,

It was ncxt dceided to try to specd up the machining by
using grinding whccls, Aluminum Oxidc and Silicon Carbidc
whculs of various grain sizes and onc Diamond Wheel werce tricd,
The Aluminum Oxidc whccels were first tricd dry and then with
water for a coolant, Thc Silicon Carbidec and Diamond Whcels
were tricd using & coolant cnly. Thesce wiwcels wore first mountced
on a 1/2 H,P, Dumorc Grindor, hewovcr this was not powcrful
enough and it was found nccecssary to sct up a Mastcr Lathe
Convcrter for this purposc,

The Aluminum Oxide whecls did not prove satisfactory at
all, Various spccds and fceds vierc tricd without satisfactory
rcsults, T.¢ whecls were slowsr cutting than the carbelosy tools
and all cuts showcd the rcsults of considcerable chatvering and

hed o very wavy surfacc,

somc improvement over the Aluminum Oxidc, but were still far
from satisfactory, Varinous grain sizc whocels werec uscd the

coarscr grcincd whesls appcarcd to give the best rcsults,
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The Diamond Whecel proved to bc the best, I1It, howevcr,
did rot cut as fast nor lcave as smooth a surfacc as thec
Carboloy tools, A collant was also uscd with this whceel,

It was then decided to go back to the Carboloy tips and
try deeper cuts with the ©id of the coolant uscd in conjunction
with the Silicon Carbidc and Diamond Wheels, This proved
most satislactory, Using this mcthod; it waspossiblc to take
rough cuts up to 0,250" in diamcter and cut the time per cut
to 35 minutcs, This cutting alvo lcl't a very smooth surfacc¢ on
the shapc,

D, Final Trulng of Domc¢ Point

After the shapc has buen turned down to the dosircd
dimension, it is nccessary to finish turning the point and to
blend the cut with the rest of the shapc, This is accomplished
s shown in Fig, L,

E. Inside Machining

In order to hold the shape sccurely for this opcration,
the stcady rcst shown in Fig, 5 was designed, This fixturc was
originally designecd with an aluminum bearing turning in sidec
brass shoes, This provcd unsatisfactory as thc brass shoes wore
excessively,

The fixture was then modified by having a steccl ring

sweated on the aluminum and replacing the brass shocs with bronzc,

Although thc wear problem was mostly eliminated in this manner,
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the lathe spced was limited to 98 r,p.m. Any fastcr spced
caused cxcessive heating“of the ring and conscquent loosonirg of
the shape in the fixturc,

The fixturc was next modified by replccing tiie bronze
shoes with ball bearings, This proved quite satisfactory as
wear 1s almost climinated and lathe speed was incrcascd to 121
Pty

Next, the boring bar shown in Fig, 6 was designoed along
with thc neccessary bering tools, This boring oporation is at
prescent 2 four step opecration as follows:

1, Thc nose of the shapc is rcamed out using
a reaming tool with the desired tapcr,

2¢ AL Carboloy cutting tool thcn cuts the
inside from the reamed nose to approximately
two=thirds of the way down thc conec. (Fig. 7)

3« Another Carboloy tool than blends this cut
and carrics on to within 3 inches of the 1"
flange on the cylinder of the shapc,

L, A third tool then finishes the remainder of
the shapc,

Thus far all the inside cutting has been done without the
use of coolant, This will bc attempted ncxt in an effort to
spced up this part of the machining, since due to the prcsent
limitations in cutting spced and depth of cut this is now a 2
to 3 week operation, Fixtures are now being prepored for the

use of coolant in this nort of the operation,
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F. Final Cut Off Opcration

Aftcr machining, the bisquce shapc is refired to vitrifica-
tion and then rcturncd to the Machine Shop for this last
opcration,

The shapc is placed in thne stcady rcst for this opcration,
It is hcld at the cylinder cocnd by four clamps, Thc point is
placod in a slceve which holds the conc about & inches from
thce tip, Thec shapcs showed some warpage in the final firing which
causcd the point of the douuc to be off centcr, Thercforc, this
acrrangemcnt was found neccssary to allow somc frcc movement of
the tip without danger of it brcaking off,

A Diamond impregnatcd saw is then used to cut off
approximatcly 2" of thc cylinder cnd and the onc inch flange,
This finishos thc machining opcrations,

G, Wall Thickncss Distribution

Thec included two charts (Figs, 8 and 9) show the
Thickness Distribution in the walls of 3 domcs, At prescnt, it
is impossible for us to obtuin thesu ricasurcments and un outside
securce was uscd to obtain thcn, Theee charts arc
listcd chronologically in the order of thoilr dclivoery to tiaas
source,

It is cxpcected that in the nocr futurce it will be possible
for us to obtain thcesc mcasurciments aceurately oursclves, An
instrument for this »urposc is now on ordcer, Tnis instrument is
so designed as to cnable us to talc mcasurcments without roemoving

the shape from the machince,
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Iv, Tcsting of Finished Shapes

Whilce there is no thought of setting up at Rutgers the
¢laborate cloctronic cquinment nccessary for the mcasurcment
of the¢ effects of the finished radomes on the bcam of elcctro-
magnctic radiation passing through them yet, we arc vitally
intcrested in cvaluating thc shapes we make from this stendroint,
Through thc kindness and cooprration of the Raythcon
Manufacturing Company, somc mcasurements have been carried out
in transmission and bcam deflcction on radomes made at Rutgers,
Bccausc of our prosent, but temporary, inability to
mcasurc dircetly the thickness of radomes while they arc still
in the machining process therc has beon some difficulty in
hittiny cxactly thc swccificd thickness, The first shapes scnt
for testing were about 0,050" below the speeificd optimum thick-
ness and thce rcsults as might be cxpected were not good, Later
shapes, still about 0,015" too thin, gave very much better
rcsults with maximum crror ratc of about 0,1 degree per degree
and transmissions around 90%, Thcsc results scem good cnough,
cven with the lack of thickness control which will soon be
corrccted, to lend tromendous encouragement to the whole program,
if, alrcady, we arc approaching thc¢ eclectromagnctic
performance of good plastic radomecs it would scem that the iow
diclcctric loss obtainablc with ceramic matcrials together with
their rcsistance to high temperaturcs would justify a very
doctermined cffort to producc a ccramic radomc which can he flight

tested, That is our goal ncw,
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V., Futurc VWork

In goneral, an cffort will be madc to imnrove cach phase

of the operctions nccessary to producc radomes within spccificd

tolerancces as follows:

Ao

¥

|

Present mochining procedurcs will be improved
with an c¢yc to morc accurctc and more rapid
machining,

Test cquipment, nccessary to check the uniformity
and rcproducibility of the diclcctric propcrtics
of thc material, will be procurcd,

New shopes arc now under considcration and will
be fabricated and tested as ropidly as possible,
The testing of the shapes will bc conductcd with
the coopcration of various organizaticns cquippced

to make these tests,
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